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(54) Global navigation satellite system receiver with blanked-PRN code correlation 



(57) A GNSS receiver includes a subsystem that re- 
duces the adverse effects of multipath signals on punc- 
tual and early-minus-late correlation measurements by 
making the correlation measurements using a "blanked- 
PRN code." The blanked-PRN code is all zeros except 
for adjacent positive and negative short pulses that oc- 
cur at every code bit transition in a locally-generated 
PRN code. Using the blanked-PRN code, the receiver 
makes non-zero correlation measurements only near 
the code bit transitions in the local PRN code. If the local 
PRN code and the PRN code in the received GNSS sat- 
ellite signal are closely aligned, the non-zero correlation 
measurements are made at the times of the bit transi- 
tions in the received PRN code. The contributions to the 
correlation measurements of the multipath signals that 



do not have bit transitions during the adjacent positive 
and negative pulses in the blanked-PRN code cancel 
when the correlation measurements are accumulated - 
since these multipath signals are constant during the 
pulse times. The GNSS receiver includes blanked-PRN 
code logic that produces the blanked-PRN code from 
the locally-generated PRN code. The blanked-PRN 
code logic thus produces a code that is zero-valued ex- 
cept for the adjacent pulses. Alternatively the blanked- 
PRN code logic produces the zero-valued portions of 
the code by selectively disabling the blanked-code cor- 
relators in between the code bit transitions in the local 
PRN code; The result is the same, namely, a system 
that produces non-zero correlation measurements near 
the code bit transitions in the local PRN code. 
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Description 

FIELD OF THE INVENTION 

This invention relates generally to global navigation 
satellite system (GNSS) receivers and more specifically 
to GNSS receivers that reduce the adverse effects of 
multipath signals on correlation measurements. 

BACKGROUND OF THE INVENTION 

A GNSS receiver determines its global position 
based on the signals it receives from orbiting GPS, 
GLONASS or other satellites. The signal transmitted by 
each satellite is comprised of a carrier that is modulated 
by at least a binary pseudorandom (PRN) code, which 
consists of a seemingly random sequence of is and Os 
that periodically repeat. The Is and Os in the PRN code 
are referred to as "code chips," and the transitions in the 
code from 1 to 0 or 0 to 1, which occur at "code chip 
times, " are referred to as "bit transitions." Each satellite 
uses a unique PRN code, and thus, a GNSS receiver 
can associate a received signal with a particular satellite 
by determining which PRN code is included in the signal. 

The GNSS receiver calculates the difference be- 
tween the time a satellite transmits its signal and the 
time that the receiver receives the signal. The receiver 
then calculates its distance, or "pseudorange," from the 
satellite based on the associated time difference. Using 
the pseudoranges from at least four satellites, the re- 
ceiver determines its global position. 

To determine the time difference, the GNSS receiv- 
er synchronizes a locally-generated PRN code with the 
PRN code in the received signal by aligning the code 
chips in each of the codes. It then determines how much 
the locally-generated PRN code is shifted, in time, from 
the known timing of the satellite PRN code at the time 
of transmission, and calculates the associated pseudor- 
ange. The more closely the GNSS receiver aligns the 
locally-generated PRN code with the PRN code in the 
received signal, the more precisely the GNSS receiver 
can determine the associated time difference and pseu- 
dorange and, in turn, its global position. 

The code synchronization operations include acqui- 
sition of the satellite PRN code and tracking the code. 
To acquire the PRN code, the GNSS receiver generally 
makes a series of correlation measurements that are 
separated in time by a code chip. After acquisition, the 
GNSS receiver tracks the received code. It generally 
makes "early-minus-late" correlation measurements, i. 
e., measurements of the difference between (i) a corre- 
lation measurement associated with the PRN code in 
the received signal and an early version of the locally- 
generated PRN code, and (ii) a correlation measure- 
ment associated with the PRN code in the received sig- 
nal and a late version of the local PRN code. The GNSS 
receiver then uses the early-minus-late measurements 
in a delay lock loop (DLL), which produces an error sig- 



nal that is proportional to the misalignment between the 
local and the received PRN codes. The error signal is 
used, in turn, to control the PRN code generator, which 
shifts the local PRN code essentially to minimize the 

5 DLL error signal. 

The GNSS receiver also typically aligns the satellite 
carrier with a local carrier using correlation measure- 
ments associated with a punctual version of the local 
PRN code. To do this the receiver uses a carrier tracking 

10 loop. 

A GNSS receiver receives not only line-of-sight, or 
direct path, satellite signals but also multipath signals, 
which are signals that travel along different paths and 
are reflected to the receiver from the ground, bodies of 

is water, nearby buildings, etc. The multipath signals arrive 
at the GNSS receiver alter the direct-path signal and 
combine with the direct-path signal to produce a distort- 
ed received signal. This distortion of the received signal 
adversely affects code synchronization operations be- 

20 cause the correlation measurements, which measure 
the correlation between the local PRN code and the re- 
ceived signal, are based on the entire received signal - 
including the multipath components thereof. The distor- 
tion may be such that the GNSS receiver attempts to 

25 synchronize to a multipath signal instead of to the direct- 
path signal. This is particularly true for multipath signals 
that have code bit transitions that occur close to the 
times at which code bit transitions occur in the direct- 
path signal. 

30 One way to more accurately synchronize the re- 
ceived and the locally-generated PRN codes is to use 
narrowly spaced correlators for code tracking. The use 
of the "narrow correlators" is discussed in United States 
Patents 5,101,416; 5,390,207 and 5,495,499, all of 

35 which are assigned to a common assignee and incor- 
porated herein by reference. It has been determined that 
the adverse effects of multipath signal distortion on the 
early-minus-late measurements is substantially re- 
duced by narrowing the delay spacing between the early 

40 and late versions of the PRN code. The delay spacing 
is narrowed such that the noise correlates in the early 
and late correlation measurements. 

The narrow correlators are essentially spaced clos- 
er to a correlation peak that is associated with the punc- 

45 tual PRN code correlation measurements than the con- 
tributions of many of the multipath signals. Accordingly, 
the early-minus-late correlation measurements made 
by these correlators are significantly less distorted than 
they would be if they were made at a greater interval 

50 around the peak. The closer the correlators are placed 
to the correlation peak, the more the adverse effects of 
the multipath signals on the correlation measurements 
are minimized. The delay spacing can not, however, be 
made so narrow that the DLL can not lock to the satellite 

55 PRN code and then maintain code lock. Otherwise, the 
receiver cannot track the PRN code in the received sig- 
nal without repeatedly taking the time to re-lock to the 
code. 
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SUMMARY OF THE INVENTION 

A GNSS receiver incorporating the invention further 
minimizes the adverse effects of the multipath signals 
on the early-minus-late correlation measurements, as 
well as on the punctual correlation measurements, by 
using a "blanked-PRN code." The blanked-PRN code is 
all zeros except for adjacent short pulses that occur at 
every code bit transition in the local PRN code. This 
means that-only the correlation measurements that are 
made near the bit transitions in the local PRN code are 
non-zero. 

If the local PRN code and the PRN code in the re- 
ceived signal are closely aligned, the non-zero correla- 
tion measurements are made at the times of the bit tran- 
sitions in the received PRN code. Thus, transitions in 
the received signal that are associated with the multip- 
ath signals do not contribute at all to the accumulated 
correlation measurements, unless they occur during the 
times of the short pulses in the blanked-PRN code. Ac- 
cordingly, the blanked-code correlation measurements 
for the direct path signals will materially exceed those 
of the multipath signals, and the GNSS receiver will 
more closely align its local PRN code with the direct path 
signal. 

More specifically, the blanked-PRN code includes, 
at the times of the bit transitions in the local PRN code, 
adjacent positive and negative pulses. The two pulses, 
each of which is a small fraction of a code chip, occur 
on opposite sides of the bit transition, with the transition 
between the two pulses occurring at the same time as 
the bit transition in the local PRN code. The adjacent 
pulses thus occur in different chip times. Accordingly, 
the non-zero correlation measurements are made only 
for a small fraction of a chip time, which is preferably a 
fraction of the delay spacing associated with the narrow 
correlators. The blanked-code correlation is used once 
the code tracking delay locked loop, which uses the cor- 
relation measurements from the narrow correlators, is 
locked to the received code. Thus, the blanked-code 
correlation can use the narrower code pulses without 
suffering the consequences that are associated with us- 
ing too narrow a delay spacing for the narrow correla- 
tors. 

The invention can be used in any GNSS receiver, 
such as a receiver that uses signals produced by GPS 
or GLONASS satellites. Accordingly, the invention re- 
lates to GNSS receivers, which include GPS and GLO- 
NASS receivers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further advantages of the invention 
may be better understood by referring to the following 
description in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1 is a functional block diagram of a GNSS re- 
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ceiver constructed in accordance with the invention; 
Fig. 2 is a functional block diagram of the PRN code 
correlation system included in the receiver of Fig. 1 ; 
Fig. 3 is a chart of a PRN code and associated ver- 
sions of blanked-PRN codes; 
Fig. 4 is a functional block diagram of blanked-PRN 
code logic that is included in the GNSS receiver of 
Fig. 1 ; 

Fig. 5 is a timing diagram associated with the com- 
ponents of the blanked-PRN code logic of Fig. 4; 
Fig. 6 is a flow chart of the code tracking operations 
of the GNSS receiver of Fig. 1 . 



DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 



Referring to Fig. 1, a GNSS receiver 10 receives 
satellite signals over an antenna 11, downconverts the 
signals in a downconverter 12 and samples the signals 

20 j n a sampler 14 to produce I and Q signal samples in a 
known manner. The I and Q signal samples are supplied 
over a channel bus 15 to channels 16-,, 16 2 .... each of 
which is identical except for the use of a different PRN 
code for each channel. The channels are hereinafter 

25 collectively referred to by the reference numeral 16. 

Each channel 16 includes a PRN code generator 
20 that produces the local PRN code, and complex cor- 
relators 22 that each make I and Q correlation measure- 
ments to determine the correlation between the local 

so PRN code and the received signal. The correlators 22 
make the correlation measurements by multiplying the 
I and Q samples by early, punctual and/or late versions 
of the local PRN code and early, punctual and/or late 
versions of a "blanked-PRN code/ which is produced 

35 by the blanked-PRN code logic 30. The blanked-PRN 
code is discussed below with reference to Fig. 3, and 
the operations of the blanked-PRN code logic 30 and 
the correlators 22 that use the blanked-PRN code are 
discussed in more detail below with reference to Figs. 

40 4-5. The operations of the correlators 22 that use the 
local PRN code are discussed below with reference to 
Fig. 2. 

The blanked-PRN code is used during signal track- 
ing operations, to track the received PRN code and car- 

45 her. These operations occur after the GNSS receiver 10 
has performed its signal acquisition operations in a 
known manner, as discussed in United States Patents 
5, 1 01 ,41 6: 5, 390,207 and 5,495,499 which are incorpo- 
rated herein by reference. We discuss below the rele- 

so vant operations of the GNSS receiver 1 0 in tracking the 
received code and carrier, without reference to the sig- 
nal acquisition operations. Further, we make no refer- 
ence herein to the code or carrier tracking operations 
that are unchanged by the use of the blanked-PRN 

ss code. For example, we do not discuss how the receiver 
determines the degree of doppler shift, or how it uses 
such information during carrier tracking operations. 
These carrier and code tracking operations, like the sig- 
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nal acquisition operations, are welt known to those 
skilled in the art. Further, such carrier and code tracking 
operations are discussed in the above-referenced pat- 
ents. 

Referring still to Fig. 1 , in each channel 16 the PRN 
code generator 20 is controlled by a code synchronizer 
24, which directs the PRN code generator to shift the 
local PRN code in time. The code synchronizer 24 is, in 
turn, controlled by a microprocessor 1 8 that receives the 
correlation measurements over a control bus 21. The 
microprocessor 18 uses the correlation measurements 
in a delay locked loop (DLL) that the processor operates 
for the channel. The DLL produces, in a known manner, 
a code-tracking error signal that the code synchronizer 
uses to direct the PRN code generator 20 to shift the 
local PRN code. The code synchronizer essentially di- 
rects the PRN code generator to shift the local PRN 
code so as to minimize the code-tracking error signal. 

A carrier synchronizer 26 operating in a known 
manner aligns a locally-generated carrier to the satellite 
carrier. The carrier synchronizer 26 is controlled by the 
microprocessor 18, which produces a carrier phase er- 
ror signal based on the correlation measurements as- 
sociated with the punctual version of the local PRN 
code. The carrier synchronizer then controls the angle 
by which the I and Q signal samples are rotated by the 
correlators 22, to reduce the carrier phase error and re- 
move the satellite carrier from the samples. The carrier 
synchronizer 26 also in a known manner provides infor- 
mation to the code synchron izer 24 for carrier-aiding the 
tracking of the received PRN code. 

Based in part on the calculated carrier phase and 
the timing of the local PRN code, the microprocessor 1 8 
performs the pseudorange calculations and determines 
the global position of the receiver, all in a known manner. 

Referring now to Fig. 2, the code synchronizer 24 
sends early, punctual and late clock signals to the PRN 
code generator 20 and delays 28 and 29, respectively. 
The PRN code generator 20 produces the early version 
of the PRN code. The delay 28 produces the punctual 
version of the PRN code, in response to the receipt of 
the early version of the code from the PRN code gener- 
ator 20 and the punctual clock signal from the code syn- 
chronizer 24. Similarly, the delay 29 produces the late 
version of the PRN code, in response to the receipt of 
the punctual version of the code from the delay 28 and 
the late clock signal from the code synchronizer 24. 

The complex correlator 22a receives the punctual 
version of the PRN code and the I and Q samples of the 
received signal, as well as carrierangle information from 
the carrier synchronizer 24. It then multiplies the signal 
samples by the code, after the signal samples have 
been rotated by the carrierangle, to remove the carrier. 
Alternatively, the correlator 22a removes the carrier af- 
ter the PRN code multiplication. The results of the rota- 
tion and multiplication operations, i.e., the punctual cor- 
relation measurements, are accumulated for a prede- 
termined time before they are sent to the microproces- 



sor 1 8 over control bus 21 . The microprocessor 1 8 uses 
the correlation measurements in a phase locked loop, 
to determine a carrier phase error and sends to the car- 
rier synchronizer 26 signals associated with the error 
5 signal. The carrier synchronizer 26 then adjusts the an- 
gle by which it directs the correlators 22a-b to rotate the 
I and Q samples. 

The complex correlator 22b is configured to perform 
in either of two modes, namely, a signal acquisition 
io mode and a signal tracking mode, as is discussed in 
more detail in the above-referenced patents. In the sig- 
nal acquisition mode, a switch 25 is set to a first position 
in which it continuously asserts an enable line 27b, and 
thus, continuously enables the correlator 22b. In this 
is mode, the correlator 22b makes correlation measure- 
ments associated with the early version of the local PRN 
code. After the signal is acquired, the switch 25 is set in 
a second position in which the enable line 27b is selec- 
tively asserted by an XOR gate 23. In this second, or 
signal tracking, mode the correlator 22b produces early- 
minus-late correlation measurements that are used in 
code tracking operations. The XOR gate 23 asserts the 
enable line when the early and late versions of the PRN 
codes differ, and de-asserts the enable line when the 
two versions are the same. The correlation measure- 
ments produced by the correlator 22b are the same as 
those produced by subtracting correlation measure- 
ments produced by separate early and late correlators. 

When the correlator 22b is enabled it rotates the re- 
ceived signal samples to remove the carrier and multi- 
plies the rotated samples by the early version of the PRN 
code. Alternatively, the correlator 22b may instead mul- 
tiply the samples by the late version of the code. Further, 
the correlator 22b may rotate the samples to remove the 
carrier after the multiplication operation. The correlator 
22b next accumulates the results of the multiplication 
and rotation operations, that is, it accumulates the early- 
minus-late correlation measurements. It then, after a 
predetermined period of time, forwards the accumulated 
measurements to the microprocessor 18 over the con- 
trol bus 21. The microprocessor then uses the correla- 
tion measurements in its DLL processing operations. 

At the start of the code tracking operations, the code 
synchronizer 24 adjusts the delay spacing between the 
early, punctual and late versions of the PRN code by 
adjusting the timing of the early, punctual and late clock 
signals. The delay spacing is set to one code chip for 
signal acquisition and narrowed to a fraction of a code 
chip for code tracking, as discussed in the above-refer- 
enced patents. The correlator(s) that are operating with 
the early and late versions of the PRN code that are sep- 
arated in time by the narrowed delay spacing are what 
is referred to in the GNSS industry as the "narrow cor- 
relators." 

As discussed above, the early-minus-late correla- 
tion measurements produced by the correlator 22b are 
used by the microprocessor 18 in the DLL processing 
operations that control the operations of the code syn- 
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chronizer 24 immediately after the satellite signal has 
been acquired. Accordingly, the delay spacing associ- 
ated with these correlators, that is, the narrowed delay 
spacing, should not be made too narrow, to ensure that 
the DLL locks to the received code. This is particularly 
true for GNSS receivers that are stationed in moving ve- 
hicles, such as automobiles, planes and so forth. The 
limit of the delay spacing is ultimately controlled by the 
front-end or RF bandwidth of the receiver. Using a wider 
bandwidth, the delay spacing can be made narrower, as 
discussed in the above-referenced patents. It is our ex- 
perience that with a front-end bandwidth of 10 MHz, the 
delay spacing can be narrowed to approximately one 
tenth of a code chip. 

In addition to the correlators 22a-b that produce the 
code tracking correlation measurements, the receiver 
10 uses punctual and early-minus-late "blanked-code" 
complex correlators 22c and 22d, to make correlation 
measurements using early, punctual and late versions 
of a blanked-PRN code. These blanked-code correla- 
tors correlate the I and Q signal samples with a code 
that is all-zeros except for a fraction of a code chip that 
corresponds to the times of the bit transitions in the local 
PRN code, as discussed below with reference to Figs. 
3-4. 

Using the blanked-PRN code eliminates contribu- 
tions to the accumulated punctual and early-minus-late 
correction measurements for all of the multipath signals, 
except those that have bit transitions that correspond in 
time to the non-zero portions of the blanked-PRN code. 
The contributions to the correlation measurements 
made by the multipath signals that do not have transi- 
tions at the times of the blanked-code pulses cancel 
when the non-zero correlation measurements are accu- 
mulated. Specifically, these multipath signals are essen- 
tially constant during the times of the adjacent positive 
and negative pulses in the blanked code. To take the 
correlation measurements, the signals are multiplied by 
the positive (+1) and the negative (-1) code values as- 
sociated with the adjacent code pulses. When the re- 
sults are accumulated, or summed, the contributions of 
the multipath signals cancel. 

Referring now to Fig. 3, we explain the theory be- 
hind the use of the blanked-PRN code. We then explain 
wfth reference to Figs. 4 and 5 how the GNSS receiver 
10 takes advantage of blanked-PRN code correlation. 

Referring now to Fig. 3, the local PRN code is de- 
noted by A, the blanked-PRN code is denoted by B, the 
early-minus-late version of the blanked-PRN code is de- 
noted by C and the received satellite signal is denoted 
by D. As shown, the local PRN code makes a positive 
bit transition 400 to +1 at code chip time t 1 , followed by 
a negative bit transition 402 to -1 at code chip time tg 
and a positive bit transition 404 to +1 at code chip time 
t 3 . At code chip time t 4 there is no bit transition in the 
code. At code chip time t 5 the local PRN code makes a 
negative bit transition 406 from 1 to -1, stays at -1 
through code chip time t 6 and then makes a positive bit 



transition 408from -1 to 1 at time t 7 , and a negative tran- 
sition 410 at code chip time t 8 . 

The blanked-PRN code is zero-valued between bit 
transitions in the local PRN code, and includes at the 

s times of the bit transitions in the local PRN code coupled 
short pulses 420. The pulses 420 include a first pulse 
421 that precedes the bit transition in the local PRN code 
and a second pulse 422 that follows the bit transition. 
As shown in the drawing, the blanked-PRN code in- 

10 eludes at the times of each positive bit transition 400, 
404, and 408 a positive first pulse 421 followed by a neg- 
ative second pulse 422, and at the times of each nega- 
tive bit transition 402, 406 a negative first pulse 421 fol- 
lowed by a positive second pulse 422. 

is The blanked-PRN code may instead include a neg- 
ative first pulse and a positive second pulse at the pos- 
itive bit transitions in the local PRN code, as long as the 
opposite polarity pulses occur at the negative bit transi- 
tions. The effect of using these different polarity pulses 

20 is a sign change in the slope of an associated discrimi- 
nator curve. 

The received satellite signal includes, in the direct- 
path contribution to the signal, code bit transitions 450. 
As discussed above, the local PRN code is tracking the 

25 direct-path PRN code using the narrow correlators, and 
thus, the bit transitions 400-408 in the local PRN code 
occur close to the bit transitions 450 in the direct-path 
PRN code. The received signal also includes multipath 
signal contributions, which have bit transitions 452 and 

30 454. The received signal is thus a combination of the 
signals labeled D DIRECT . PATH and D MULTIPATH in Fig. 3. 

To determine the correlation between the received 
satellite signal and the blanked-PRN code, the correla- 
tors 22c-d multiply the satellite signal, or more precisely 

35 samples of that signal, by the blanked-PRN code. Ac- 
cordingly, when the multiplication involves the zero-val- 
ued portion of the blanked-PRN code, the correlation 
measurements are all zeros, and thus, they do not con- 
tribute to the accumulated correlation measurements. 

40 The bit transitions 450 in the direct path signal occur 
close to the bit transitions 400-408 in the local PRN 
code. The edges of the bit transitions 450 thus occur at 
times that correspond to the pulses 420 in the blanked- 
PRN code. Accordingly, the blanked-code correlators 

45 22c-d make non-zero correlation measurements asso- 
ciated with these bit transitions 450. These non-zero- 
correlation measurements contribute to the accumulat- 
ed correlation measurements that are passed to the 
code and carrier synchronizers. 

so The bit transitions 452 in the received signal that 
are associated with short-range multipath signals, and 
the bit transitions 454 are associated with long-range 
multipath signals. The blanked-code correlators 22c-d 
make zero-valued correlation measurements associat- 
es ed with the bit transitions 452 and 454 that occur during 
the zero-valued portions of the blanked-PRN code. Fur- 
ther, the contributions of these multipath signals to the 
non-zero correlation measurements cancel if no bit tran- 
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sitions 452 or 454 occur during the non-zero portion of 
the blanked-PRN code. The contributions from the mul- 
tipath signals, which are constant throughout the dura- 
tion of the pulses, cancel because the same value is 
multiplied by, for example, a first positive pulse in the s 
blanked-PRN code and an adjacent negative pulse in 
the blanked-PRN code. When these products are accu- 
mulated, the portions of the correlation measurements 
attributable to the multipath signals add to zero. The por- 
tions of the correlation measurements attributable to io 
signals with bit transitions that occur during the pulse 
times do not, however, accumulate to zero. Accordingly, 
the multipath signals with bit transitions that occur dur- 
ing the pulse times do contribute to the correlation 
measurements. 15 

As long as at least some of the bit transitions in the 
multipath signals occur before pulse 421 or after pulse 
422, the blanked-code correlators 22c-d produce accu- 
mulated correlation measurements for multipath signals 
that are lower than those associated with the direct-path 20 
signal. For the direct path signal, the correlators accu- 
mulate non-zero correlation measurements in which the 
contributions of the signal do not cancel. For the multi- 
path signals, the correlators accumulate non-zero cor- 
relation measurements in which the contributions from 2s 
all of the multipath signals except those with bit transi- 
tions that occur during the code pulses cancel. Accord- 
ingly, the receiver will not track the multipath signals that 
have bit transitions that occur at times other than the 
times of the short adjacent pulses. 30 

The early-minus-late blanked-PRN code is a com- 
bination of an early blanked-PRN code and a negated 
late blanked-PRN code. It is zero-valued between bit 
transitions in the local PRN code and includes at each 
bit transition in the local PRN code a series of three puis- 35 
es 470. For positive bit transitions in the local PRN code, 
the early-minus-late blanked-PRN code includes (i) a 
positive first pulse 471 that precedes the positive pulse 
421 in the blanked-PRN code, (ii) a negative second 
pulse 472 that is twice as long as the positive first pulse 40 
and corresponds in time to the coupled pulses 420 in 
the blanked-PRN code, and (iii) a positive third pulse 
473 that follows the negative pulse 422 in the blanked- 
PRN code. For negative bit transitions in the local PRN 
code, the polarities of the pulses 471 -473 are the oppo- 45 
site of those of the pulses 470 associated with the pos- 
itive bit transitions. 

The polarities of the series of pulses 470 may be 
reversed, such that, for example, the pulses associated 
with a positive bit transition in the local PRN code consist so 
of a negative first pulse, a positive second pulse and a 
negative third pulse. As discussed above with respect 
to the blanked-PRN code, the consequence of reversing 
the polarities of the pulses is a sign change in the slope 
of an associated discriminator curve. 55 

Referring also to Fig. 4, the blanked-PRN code logic 
30 includes four delays 32-35, namely, two early delays 
32-33 and two late delays 34-35. The PRN code gener- 



ator 20 produces the earliest versbn of the local PRN 
code, labeled E2 in the drawing. After passing through 
delay 32, an early version of the local PRN code is pro- 
duced that is closer in time to the punctual PRN code. 
This early version of the code is labeled E1 in the draw- 
ing. The delay 33 produces the punctual version of the 
local PRN code, which corresponds to the punctual ver- 
sion of the code produced by delay 28 (Fig. 2). The delay 
34 produces a late version of the code, which is labeled 
L1 in the drawing. A later version of the code, which is 
labeled L2, is produced by the delay 35. The delays 
32-35 are spaced from one another by a time A, which 
is also the duration of the short pulse 421 or 422. The 
earliest and latest delays 32 and 35 are preferably 
spaced by a fraction of a code chip that is less than the 
delay spacing associated with the narrow correlators 
22a-b (Fig 2). 

The blanked-PRN code logic 30 includes two XOR 
gates 500 and 502, respectively, that control the enable 
lines 27c and 27d of the blanked-code correlators 22c 
and 22d. The correlators 22c-d are disabled during the 
zero-valued portions of the associated punctual and 
early-minus-late blanked-PRN codes and enabled, re- 
spectively, during the pulses 420 or 470. This produces 
the same result as multiplying the I and Q samples of 
the satellite signal by the zero-valued and non-zero val- 
ued portions of the codes, namely, making no changes 
or contributions to the accumulated correlation meas- 
urements during the zero-value portions of the blanked- 
PRN code and making contributions during the non-zero 
valued portions of the code. 

The XOR gates 500 and 502 work in conjunction 
with the gates 504-507 and inverter 508 to produce at 
the correlators 22c -d the pulses 420 and 470. Since the 
correlators do not respond to the code signals they re- 
ceive while they are disabled, the gates 504-507 need 
not and indeed do not produce zero-valued signals for 
the periods during which the correlators are disabled. 
Alternatively, the blanked-PRN code logic 30 could per- 
manently enable the correlators 22c-d, and produce di- 
rectly the non-zero and zero-valued portions of the 
blanked codes. 

The blanked-PRN code, labeled B in Figs. 3 and 5, 
is produced at the correlator 22c by enabling the corre- 
lator whenever the versions El and L1 of the local PRN 
code differ. These versions differ whenever there is 
about to be a bit transition in the punctual version of the 
local PRN code. 

Referring now also to Fig. 5, the E 1 code goes from 
low to high at time t-, -A, which is just before the punctual 
PRN code makes the positive bit transition 400 at time 
t v At this time t r A, the XOR gate 500 asserts line 27c, 
to enable the correlator 22c. The local punctual PRN 
code is low at this time and an inverter 508, which pro- 
duces the blanked-PRN code on line 37, produces a 
high signal. At time t,, the punctual version of the PRN 
code makes a positive transition and the signal pro- 
duced by the inverter 508 transitions.to low. The inverter 
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508 has thus far produced on line 37 the positive first 
pulse 421 and a transition to the negative second pulse 
422. 

Continuing for a time A through the delay 34, the 
inverter 508 produces the low signal and the XOR gate 
500 holds the enable line 27c high. At time t.,+A, the L1 
version of the local PRN code makes a positive transi- 
tion and the XOR gate 500, which now receives two- 
positive signals, de-asserts line 27c and disables the 
correlator 22c. This produces at the correlator 22c the 
transition to zero that ends the pulse 422. The XOR gate 
500 then continues to hold the line 27c low until the E1 
signal transitions from high to low at a time tj-A, which 
is just before a next bit transition in the punctual version 
of the local PRN code occurs at time tj. The inverter 508 
produces a non-zero signal when the correlator 22c is 
disabled. However, since the correlator 22c does not, 
when it is disabled, respond to the inverter output signal, 
that signal is in effect zero-valued at the correlator. 

When the correlator 22c is enabled, it responds to 
the first and second pulses 421 and 422 by producing 
non-zero correlation measurements. It thus multiplies 
the I and Q samples of the received signal by ±1 , de- 
pending on the polarity of the individual pulses 421 and 
422, and accumulates the results. The correlator 22c is 
disabled at all other times, and thus, does not during 
these times make any contributions to the accumulated 
correlation measurements. This is the same result that 
would occur if the correlator instead multiplied the I and 
Q samples by both the non-zero and the zero-valued 
portions of the blanked-PRN code and accumulated cor- 
relation measurements. 

The early-minus-late blanked-PRN code, which is 
denoted C in the Figs. 3 and 5, is produced at correlator 
22d by XOR gate 502 and NOR gate 507. Whenever 
the E2 and L2 versions of the local PRN code differ, the 
XOR gate 502 asserts the line 27d, and thus, enables 
the correlator 22d. This occurs at a time tp2A, which is 
a time 2A before a bit transition in the punctual version 
of the PRN code, for example, at time t v 

When the XOR gate 502 produces the high signal 
at time t r 2A, E2 is high and El, L1 and L2 are all low. 
The XOR gate 504, which receives the E1 and L1 ver- 
sions of the code, produces a low signal that is applied 
to one input of the AND gate 506. The AND gate 506 
also receives the E2 version of the code, and produces 
a low signal in response to the high E2 signal and the 
low signal Irom the XOR gate 504. The AND gate 505 
similarly produces a low signal in response to receiving 
inverted versions of the E2 signal and the signal from 
the XOR gate 504. The NOR gate 507 receives these 
two low signals and produces on line 38 a high output 
signal, which is the start of the positive first pulse 471 in 
the early-minus-late blanked-PRN code. 

The XOR gate 504 continues to produce a low sig- 
nal until the E1 version of the local PRN code goes high 
at a time t r A. At this time the XOR gate 504 produces 
a high signal and AND gates 505 and 506 produce, re- 



spectively, high and low signals. The NOR gate 507 re- 
sponds to the signals produced by the AND gates by 
producing on line 38 a low signal, which is the transition 
between the positive first pulse 471 and the negative 
s second pulse 472. The gates 504-507 continue to pro- 
duce the same signals for a period of 2A, until the L1 
version of the code makes a positive transition. When 
this occurs at time t^A, the XOR gate 504 produces a 
low signal and the AND gates 505 and 506 each pro- 
to duce low signals. The NOR gate 507 then produces a 
high output signal, which is the transition from the sec- 
ond pulse 472 to the third pulse 473. 

At a time A later, i.e. : at time t 1 +2A, the L2 signal 
goes high, and the XOR gate 502 de-asserts line 27d 
15 and disables the correlator 22d. This produces at the 
correlator the transition to the zero-valued portion of the 
early-minus-late blanked-PRN code that follows the 
pulse 473. The XOR gate 502 then keeps the correlator 
22d disabled until a time 2A before a next bit transition 
20 in the punctual PRN code. In the example, the XOR gate 
502 enables the correlator 22d before the bit transitions 
at times t 2 , t 3: t 5 and so forth. It does not, however, en- 
able the correlator at times t 4 or t 6 , since the local PRN 
code does not make bit transitions at these times. 
25 The correlator 22d responds to the pulses 471-473 

that are associated with the bit transition 400 by produc- 
ing non-zero correlation measurements that correspond 
to multiplying the I and Q samples of the received signal 
by +1 , -1 and +1 , respectively. The correlator 22d is then 
30 disabled until shortly before a next bit transition in punc- 
tual PRN code. It thus produces no further correlation 
measurements until time t 2 -2A. As discussed above, the 
disabling of the correlator between bit transitions in the 
local PRN code produces the same result as multiplying 
35 the I and Q samples by the zero-valued portions of the 
early-minus-late blanked PRN code, and accumulating 
the zero-valued correlation measurements. 

The two AND gates 504, 506 may be replaced with 
a multiplexer (not shown) that selects the E2 signal or 
40 an inverted E2 signal, depending on the state of the sig- 
nal produced by the XOR gate 502. 

The minimum width of the pulse 421 or 422 is con- 
trolled by the front-end or RF bandwidth of the receiver. 
The pulses must be wide enough to capture the rising 
45 or falling edges of the bit transitions in the received sig- 
nal. With a wider front-end bandwidth, the edges of the 
bit transitions rise and fall more sharply. The edges can 
thus be captured with a pulse of shorter duration. Con- 
versely, with a narrower front end bandwidth and less 
50 sharp bit transition edges, pulses of longer duration are 
required. If the receiver has a front-end bandwidth of 1 0 
MHz, the duration of the pulse 421 or 422 is 0.5 micro- 
seconds or one twentieth of a code chip, r 

Referring now also to Fig. 6, we discuss the opera- 
55 tions of the GNSS receiver 10. The GNSS receiver ac- 
quires the satellite signal, and narrows the delay spac- 
ing between code-tracking correlators 22a-b to track the 
satellite PRN code using a code-tracking DLL (steps 
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600-601). When the code tracking DLL is locked to the 
received PRN code, the GNSS receiver uses the corre- 
lation measurements from the blanked-code correlators 
in a blanked-code DLL : to more closely align the local 
PRN code with the satellite PRN code (steps 602, 
605-606). It also uses the blanked-PRN code punctual 
correlation measurements to align the local carrier with 
the satellite carrier (step 607). The receiver at the same 
time continues to track the received PRN code with the 
code-tracking correlators, in order to keep the code- 
tracking DLL locked to the received code. If the code 
tracking DLL loses code lock, the receiver uses the nar- 
row correlator and punctual PRN code correlation 
measurements to re-lock to the code in the received sig- 
nal. While the code tracking DLL is re-locking, the re- 
ceiver uses these correlation measurements to re-align 
the local PRN code and carrier with the satellite PRN 
code and carrier (steps 602-604). Once the code track- 
ing DLL is again locked to the received code, the receiv- 
er again uses the blanked-PRN code correlation meas- 
urements, (steps 602, 605-607). 

Using either the PRN code or blanked-PRN code 
correlation measurements to align the carriers and PRN 
codes, the receiver determines the pseudoranges, 
based in part on the timing of the local PRN code, and 
the calculated carrier phase angle and phase angle 
tracking error (step 608). 

If the GNSS receiver 10 is stationary, it may use the 
code tracking correlators for both the narrow and the 
blanked-code correlation. As long as the bit transitions 
in the received code occur when they are expected - 
which is at the times of the pulses in the blanked-PRN 
code -the blanked-code DLL will track the received 
code. If the transitions in the received code do not occur 
at the expected times, the DLL will lose code lock and 
the receiver must re-lock to the received code using the 
narrow-correlator delay spacing, before it can again 
make the blanked-code correlation measurements. 

The GNSS receiver 10 eliminates from its correla- 
tion measurements essentially all contributions from the 
multipath signals by correlating the received signal with 
the early, punctual and late version of the blanked-PRN 
code. The GNSS receiver 10 thus more accurately 
aligns the local PRN code and carrier with the direct- 
path code and the carrier in the received signal, and de- 
termines more precise pseudoranges based on the 
more accurate PRN code timing and carrier phase angle 
information. Since the blanked-code correlation is used 
only after the receiver is already tracking the received 
PRN code with the narrow correlators, that is, after the 
local and the received PRN codes are closely aligned, 
the delay spacing associated with the blanked-code cor- 
relation may be set essentially as narrow as the front- 
end bandwidth allows. 

The foregoing description has been limited to a spe- 
cific embodiment of this invention. It will be apparent, 
however, that variations and modifications may be made 
to the invention, with the attainment of some or all of its 



advantages. Therefore, it is the object of the appended 
claims to cover all such variations and modifications as 
come within the true spirit and scope of the invention. 

5 

Claims 

1. A GNSS receiver including: 

to A. means for acquiring a GNSS satellite signal; 

B. means for tracking a PRN code in the GNSS 
satellite signal; 

C. blanked-code correlation means for making 
correlation measurements using a blanked- 

15 PRN code, to closely align a locally-generated 

PRN code to the PRN code in the GNSS satel- 
lite signal. 

2. The GNSS receiver of claim 1 wherein the blanked- 
20 code correlation means includes blanked-code 

generation means for producing the blanked-PRN 
code, which has non-zero pulses that correspond 
in time to bit transitions in the locally-generated 
PRN code and is otherwise zero. 

25 

3. The GNSS receiver of claim 1 wherein the blanked- 
code correlation means makes non-zero correlation 
measurements at times that correspond to bit tran- 
sitions in the locally-generated PRN code and zero- 

30 valued correlation measurements otherwise. 

4. The GNSS receiver of claim 1 wherein the blanked- 
code correlation means makes correlation meas- 
urements at times that correspond to bit transitions 

35 in the locally-generated PRN code and refrains from 
making correlation measurements otherwise. 

5. The GNSS receiver of claim 2, wherein the blanked- 
code generation means produces at each positive 

40 bit transition in the locally -generated PRN code a 
short positive pulse at a time that precedes the bit 
transition and a short negative pulse at a time that 
follows the bit transition, with a transition between 
the positive and negative pulses occurring at the 
45 same time as the bit transition in the locally-gener- 
ated PRN code : and produces pulses of reverse po- 
larity at times that precede follow negative bit tran- 
sitions in the locally-generated PRN code. 

50 6. The GNSS receiver of claim 2, wherein the blanked- 
code generation means produces at each negative 
bit transition in the locally -generated PRN code a 
short positive pulse at a time that precedes the bit 
transition and a short negative pulse at a time that 
55 follows the bit transition, with a transition between 
the positive and negative pulses occurring at the 
same time as the bit transition in the locally-gener- 
ated PRN code, and produces pulses of reverse po- 
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larity at times that precede follow positive bit tran- 
sitions in the locally-generated PRN code. 

7. The GNSS receiver of claim 2, wherein the blanked- 
code generation means includes: s 

a. means for producing a code that transitions 
from positive to negative at each positive bit 
transition in the locally-generated PRN code 
and from negative to positive at each negative 10 
bit transition in the locally-generated PRN 
code; and 

b. means for selectively enabling blanked-code 
correlators at times that precede the bit transi- 
tions in the locally-generated PRN code and 15 
disabling the blanked-code correlators at times 
that follow the bit transitions in the locally-gen- 
erated PRN code. 

8. The GNSS receiver of claim 7 wherein 20 

c. the blanked-PRN code generation means 
further includes means for producing an early- 
minus-late blanked-PRN code, and 

d. the means for selectively enabling the 25 
blanked-code correlators further enables an 
early-minus-late blanked-code correlator at 
times that precede the bit transitions in the lo- 
cally-generated PRN code and disables the 
early-minus-late blanked-code correlator at 30 
times that follow the bit transitions in the locally- 
generated PRN code. 

9. The GNSS receiver of claim 8 wherein the blanked- 
PRN code generation means produces early and 35 
late version of the locally-generated PRN code that 

are closely spaced in time and produces the pulses 
at the times during which the early and late versions 
of the locally-generated PRN code differ. 

40 

10. The GNSS receiver of claim 9 wherein the blanked- 
PRN code generation means produces a pulse that 
precedes the bit transition in the locally-generated 
PRN code by starting a first pulse at the time the 
early version ol the locally-generated PRN code 45 
makes a bit transition and transitioning to a second 
pulse, which follows the bit transition in the locally- 
generated PRN code, at the time that the locally- 
generated PRN code makes the corresponding bit 
transition. so 

11. The GNSS receiver of claim 10 wherein the means 
for selectively enabling the blanked-code correla- 
tions enables the correlators at the time that the ear- 
ly version of the locally-generated PRN code makes ss 
a bit transition and disables the correlators at the 
time the late version of the locally-generated PRN 
code makes a corresponding bit transition. 



12. The GNSS receiver of claim 11 wherein the 
blanked-PRN code generation means further pro- 
duces earlier and later versions of the locally-gen- 
erated PRN code that are closely spaced in time 
and produces the pulses at the times during which 
the earlier and later versions of the locally-generat- 
ed PRN code differ. 

13. The GNSS receiver of claim 12 wherein the 
blanked-PRN code generation means produces an 
early-minus-late blanked-PRN code that includes a 
first pulse that precedes the bit transition in the lo- 
cally-generated PRN code, a second pulse that 
straddles the bit transition in the locally-generated 
code and a third pulse that follows the bit transition 
in the locally -gene rated code, the blanked-PRN 
code generation means starting the first pulse at the 
time the earliest version of the locally-generated 
PRN code makes a bit transition, transitions to the 
second pulse at the time that the early version of 
the locally-generated PRN code makes a corre- 
sponding bit transition, and transitions to the third 
pulse at the time of the corresponding bit transition 
in the late version of the locally-generated PRN 
code. 

14. The GNSS receiver of claim 1 3 wherein the means 
for selectively enabling the blanked-code correla- 
tions enables an early-minus-late correlator at the 
time the earliest version of the locally-generated 
PRN code makes a bit transition and disables the 
correlators at the time the later version of the locally- 
generated PRN code makes a corresponding bit 
transition. 

15. A PRN code tracking system for tracking a remotely 
generated PRN code, the system including: 

A PRN code generation means for generating 
a local PRN code; 

B blanked-PRN code generation means for 
producing a blanked-PRN code that has pulses 
that precede and follow bit transitions in the lo- 
cal PRN code; 

C. correlation means for making correlation 
measurements using the blanked-PRN code, 
the correlation means making the correlation 
measurements at limes that correspond to the 
pulses in the blanked-PRN code; and 

D. code synchronization means for directing 
the PRN code generation means to align the 
local PRN code with the remotely generated 
PRN code : the code synchronization means 
using the correlation measurements produced 
by the correlation means. 

16. The PRN code tracking system of claim 15 wherein 
the blanked-PRN code generation means enables 
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the correlation means to make correlation measure- 
ments at the times that correspond to the pulses in 
the blanked-PRN code and disables the correlation 
means otherwise. 

17. The PRN code tracking system of claim 15 wherein 
the blanked-PRN code produced by the blanked- 
PRN code generation means is zero in between the 
pulses. 

18. The PRN code tracking system of claim 15 wherein 

a. the blanked-PRN code generation means 
further produces an early-minus-late blanked- 
PRN code, and is 

b. the correlation means produces correlation 
measurements using the early-minus-late 
blanked-PRN code. 

19. A method for tracking a PRN code in a GNSS sal- 20 
ellite signal, the method including the steps of: 



training from making early-minus-late correla- 
tion measurements at other times. 



A. generating a local PRN code; 

B. aligning the local PRN code to the PRN code 

in the GNSS satellite signal by making correla- 25 
tion measurements using the local PRN code; 

C. producing a blanked-PRN code from the lo- 
cal PRN code; and 

D. further aligning the local PRN code to the 
PRN code in the satellite signal using the 30 
blanked-PRN code to make the correlation 
measurements. 



20. The method of claim 19 wherein 

35 

a. the step of producing the blanked-PRN code 
includes producing a code that has pulses that 
precede and follow bit transitions in the local 
PRN code; and 

b. the step of more closely aligning the local 40 
PRN code to the PRN code in the satellite sig- 
nal includes making correlation measurements 

at the times of the pulses in the blanked-PRN 
code and refraining from making correlation 
measurements at other times. 45 

21. The method of claim 20 wherein 



c. the step of producing the blanked-PRN code 
further includes producing an early-minus-late so 
blanked-PRN code that has pulses that pre- 
cede and follow bit transitions in the local PRN 
code; and 

b. the step of further aligning the local PRN 
code to the PRN code in the satellite signal in- 55 
eludes making early-minus-late correlation 
measurements at the times of the pulses in the 
early-minus-late blanked-PRN code and re- 
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(57) A GNSS receiver includes a subsystem that re- 
duces the adverse effects of multipath signals on punc- 
tual and early-minus-late correlation measurements by 
making the correlation measurements using a "blanked- 
PRN code." The blanked-PRN code is all zeros except 
for adjacent positive and negative short pulses that oc- 
cur at every code bit transition in a locally -generated 
PRN code. Using the blanked-PRN code, the receiver 
makes non-zero correlation measurements only near 
the code bit transitions in the local PRN code. If the local 
PRN code and the PRN code in the received GNSS sat- 
ellite signal are closely aligned, the non-zero correlation 
measurements are made at the times of the bit transi- 
tions in the received PRN code. The contributions to the 
correlation measurements of the multipath signals that 



do not have bit transitions during the adjacent positive 
and negative pulses in the blanked-PRN code cancel 
when the correlation measurements are accumulated - 
since these multipath signals are constant during the 
pulse times. The GNSS receiver includes blanked-PRN 
code logic that produces the blanked-PRN code from 
* the locally-generated PRN code. The blanked-PRN 
code logic thus produces a code that is zero-valued ex- 
cept for the adjacent pulses. Alternatively, the blanked- 
PRN code logic produces the zero-valued portions of 
the code by selectively disabling the blanked-code cor- 
relators in between the code bit transitions in the local 
PRN code. The result is the same, namely, a system 
that produces non-zero correlation measurements near 
the code bit transitions in the local PRN code. 
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